Objectives: There is insufficient evidence regarding the potential risk of mobile phone use on mental health. Therefore, the aim of this research was to examine the relationship between mobile phone use and mental health by measuring the levels of depression, anxiety, and stress among university students in Serbia and Italy. Methods: This cross-sectional study was carried out at two distinguished universities in Serbia and Italy from March to May of the 2015/2016 academic year and included 785 students of both genders. The questionnaire was compiled and developed from different published sources regarding the manner and intensity of mobile phone use, along with the Depression Anxiety Stress Scale (DASS 42) for measuring psychological health. The statistical analysis of the data included the application of binary logistic regression and correlation tests. Results: Statistical analysis indicates that anxiety symptoms are somewhat more present in younger students (odds ratio (OR) = 0.86, 95% confidence interval (CI): 0.76-0.96), in those who send more text messages (SMSs) (OR = 1.15, 95% CI: 1.11-1.31), and in those who browse the internet less frequently (OR = 0.84, 95% CI: 0.73-0.95). Stress is more common in students who make fewer calls a day (OR = 0.79, 95% CI: 0.64-0.97), as well in those who spend more time talking on the mobile phone per day (OR = 1.28, 95% CI: 1.12-1.56). The strongest predictor of high stress levels was keeping the mobile phone less than 1 m away during sleeping (OR = 1.48, 95% CI: 1.12-2.08).
Introduction
Due to their wide-spread availability, mobile phones have become a necessity (something "without which you cannot"). But recent studies have shown that the use of mobile phones is associated with headaches, neurovegetative dystonia, irritability, sleep disorders, fatigue, and dizziness [1] [2] [3] [4] [5] .
The nervous system has been proven to be the most sensitive to the effects of the electromagnetic field of mobile phones [6, 7] . Certain harmful effects of the mobile phone signal during electroencephalogram (EEG) testing have also been observed, but these findings are still under discussion [8] [9] [10] [11] [12] [13] .
Some previous studies have also shown high rates of mental disorders (typically depression, anxiety, and stress) among university students around the world [14, 15] , who are enduring a special period of great challenges and risks.
In modern society, there is a constant concern that the ever-increasing use of mobile phones may have harmful effects on some health aspects; on the other hand, there are numerous positive/useful examples of mobile phone use (mostly smart phones) in medicine, education, and other fields [12, 16] .
The results of a rapid literature search in MEDLINE and MEDLINE in progress suggest that there is a small number of primary research studies regarding the potential risk of mobile phone use on mental health, and consequently, there is insufficient foundation of evidence in this area. Therefore, this study takes one step towards shedding light on this complex phenomenon.
The aim of this research was to explore the manner and intensity of the use of mobile phones and examine its effects-especially the effects of long-term mobile phone use-on certain mental health aspects of university students in Serbia and Italy, by measuring levels of depression, anxiety, and stress.
Methods

Participants
The cross-sectional study was carried out at two distinguished universities in two countriesthe University of Niš, Faculty of Medicine, in Serbia and the Catholic University of the Sacred Heart, Faculty of Medicine and Surgery in Rome, Italy-from March to May of the 2015/2016 academic year. All of the participants were assessed by using a questionnaire, and the total number of responding participants was 827, of whom 42 were rejected due to incomplete responses. Thus, the study ultimately included 785 randomly selected university students (253 males and 532 females).
Procedure
The students reported their socioeconomic characteristics, lifestyle habits, attitudes, and health assessment using self-administered questionnaires, which also provided answers to questions about the manner, purpose, and intensity of mobile phone use.
Symptoms of depression, anxiety, and stress were assessed using the Depression Anxiety Stress Scale (DASS 42), a device for measuring psychological health [17, 18] .
The survey was performed in classrooms by trained assistants (interviewers) and was intended to last a maximum of 20 min, including the time needed for instructions.
Measures
The DASS device is a set of three self-reporting scales designed to measure the negative emotional states of depression, anxiety, and stress. Each of the three scales contains 14 items, divided into the subscales of 2-5 items with similar content. DASS is designed to be used for further defining, understanding, and measuring all present and clinically significant emotional states in the examinees [17, 18] .
The students were asked to mark from 0 (none) to 3 (mostly or almost always) the extent to which they have experienced each of the listed conditions during the previous week. The score results of depression, anxiety, and stress were calculated by adding the points for each relevant scale. The result was then calculated for every student and for each of the subscales, according to the score matrix, and then evaluated as per the severity-rating index below (Table 1) . The reliability scores of the scales in terms of Cronbach's alpha scores rate the depression scale at 0.91, the anxiety scale at 0.84, and the stress scale at 0.90 in the normative sample. The means for each scale are 6.34 (SD 6.97) for depression, 4.7 (SD 4.91) for anxiety, and 10.11 (SD 7.91) for stress.
The frequency of calls (conversations) per day (How many calls on average do you make and receive a day with your mobile phone?) was assessed by using the following options: 0-5 calls, 6-10 calls, 11-20 calls, 21-30 calls, and >30 calls. The frequency of SMSs per day (How many text messages do you send or receive on your mobile phone?) was assessed by using the following options: 0-10 text messages (SMSs), 11-20 SMSs, 21-50 SMSs, 51-100 SMSs, and >100 SMSs.
The subjects also reported their time spent on the internet, time spent using various applications, and time spent playing games (If you use other mobile phone functions, how much time do you spend using those functions?) by using the options: no, several times a week or less, <1 h a day, 1-2 h a day, and >2 h a day. The distance of the mobile phone during sleep (Is your mobile phone less than 1 m away while you sleep?) was assessed with yes or no answers, and the total time spent on the phone (How much time on average do you use a mobile phone?) was assessed by using the options: <30 min, 30 min-1 h, 1-2 h, 2-3 h, and >3 h.
Statistical Analysis
All of the data were entered into Excel spreadsheets (Microsoft Office 2003, Microsoft, Redmond, DC, USA) by several teams each consisting of two people, whereby cross-checking was done for every given survey. The statistical analysis was performed using the SPSS 17.0 program (SPSS Inc., Chicago, IL, USA) in Windows 7 Ultimate. The research results were presented in tables.
The statistical analysis of the data included the application of descriptive tests and analytical parametric tests, as well as binary logistic regression tests and correlation tests. The descriptive statistics were performed to report the analysis of the data that were presented as mean and standard deviations. The categorical variables were shown as frequency and percentages. The independent t-test was used to compare the parametric variables between the genders. Pearson and Spearman correlations were used to determine the strength of the relationships between the examined variables. Binary logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) of the independent and interactive relationships of several prediction variables with depression, anxiety, and stress. The statistical significance was set at p < 0.05.
Ethics
The study procedures were carried out in accordance with the Declaration of Helsinki. The Ethical Committee of the Faculty of Medicine of the University of Niš (14-5785-3) approved the study. All subjects were informed about the study, and all provided informed consent.
Results
General Characteristics of Participants and an Overview of the Manner and the Intensity of Mobile Phone Use
The study included 785 participants, 253 male (32.2%) and 532 female (67.8%) students. The mean value of the year of study was 2.25 (SD 1.45), while the mean age was 20.75 (SD 2.60). The t-tests did not show any significant differences between students of both genders in either of these two values. There were 600 students from Serbia, out of whom 212 (35.3%) were male and 388 (64.7%) were female, and there were also 185 students from Italy, out of whom 41 were male (22.2%) and 144 were female (77.8%).
Out of the total number, 572 students (72.9%) had only one mobile phone. Moreover, 259 of them (33.0%) stated that they felt certain harmful effects of longer mobile phone use. Headphones were not used by 561 (71.5%) students, whereas Bluetooth was used by 38 (4.8%) and wire headphones were used by 186 (23.7%) students. Health issues were reported by 67 (8.5%) students. In addition, 657 students (83.7%) believed that excessive use of mobile phones causes health problems. The mobile phone was kept at a distance of less than 1 m during sleep by 410 (52.2%) students. Some other characteristics of the surveyed students are shown in Table 2 . In addition to talking and sending/receiving SMS messages, mobile phones were most frequently used by students (for more than 1 h a day) for internet browsing (43.7%), for listening to music (36.2%), for some applications (24.0%), and for playing games (12.8%).
Correlation between Certain Characteristics of the Surveyed Students and Some Habits Related to Mobile Phone Use
The associations between some characteristics of the surveyed students and their habits related to the use of mobile phones were examined by a Pearson correlation coefficient (i.e., by Spearman's rho rank correlation coefficient). Preliminary analyses were conducted in order to check the assumptions of normality, linearity, and homogeneity of the variants. The following correlations were calculated ( Table 3) .
The higher amount of weekly allowance is correlated with more frequent calls, more time spent using mobile phones daily, a greater number of SMSs, and more frequent use of the internet, apps, and games. Those students who go to sleep later make more phone calls during the day, while physically more active students exchange fewer messages. Also, later sleep time is correlated with more internet browsing and longer hours of sleep with more games played (Table 3) . Moderate, severe, or extremely severe levels of depression symptoms were reported by 166 students (21.2%) ( Table 4) . "Above mild" anxiety symptoms were reported by 287 (26.6%) students, while 207 (26.3%) students were exposed to moderate, severe, or extremely severe stress. Direct logistic regression was conducted in order to estimate the effects of several factors on the probability that the students would respond positively to questions about depression, anxiety, or stress.
First, in SPSS we performed "transform variable" into two answers by classifying the scores on the DASS 42 in two categories, whereby answers "normal" and "mild" were classified as NO, and the remaining three (moderate, severe, and extremely severe) were classified as YES.
The model (a group of prediction variables-how well it predicts or explains the "outcome") contains 10 independent variables: gender, country, year of study, number of calls per day, total time spent on the phone per day, number of messages per day, distance of mobile phone during sleep, time spent on the internet, time spent using apps, and time spent playing games. The whole model (along with all the predictors) was statistically significant, namely: for depression: χ 2 (10, N = 785) = 42.21, p < 0.005; for anxiety: χ 2 (10, N = 785) = 51.70, p < 0.005; and for stress: χ 2 (10, N = 785) = 58.92, p < 0.005.
This indicates that the model distinguishes those respondents who are from those who are not sorted, so that they have some of the symptoms.
The model explains between 6.8% (r 2 Cox and Snell) and 10.6% (r 2 Nagelkerke) variance in the existence of depression symptoms, between 12.6% (r 2 Cox and Snell) and 17.2% (r 2 Nagelkerke) variance in the existence of anxiety symptoms, and finally between 12.3% (r 2 Cox and Snell) and 17.9% (r 2 Nagelkerke) variance in the existence of stress. The assumptions of collinearity and singularity were satisfied, and non-typical points were also checked.
As Table 5 shows, eight independent variables provided a unique statistically significant contribution to some of three presented models (gender, year of study, number of calls per day, time spent on the phone per day, number of SMSs per day, distance of mobile phone during sleep, browsing the internet, and playing games). Notes: B-coefficient for the constant ("intercept") in the null model; OR-odds ratio; CI-Confidence interval.
The strongest predictor of whether a student has high levels of depression symptoms was gender, where the odds ratio was OR = 1.57. This shows that male students responded that they have symptoms of depression 1.57 times more often, with all other factors in the model being equal. Also, it has been observed that depression symptoms are more common in those students who make fewer calls during the day (OR = 0.7), send more SMSs (OR = 1.31), and browse the internet less frequently on the mobile phone (OR = 0.85).
Anxiety symptoms are somewhat more present in younger students (OR = 0.86), in those who send more SMSs (OR = 1.15), browse the internet less frequently (OR = 0.84), and play games on their mobile phones less frequently (OR = 0.85).
Stress is more common in students who make fewer calls a day (OR = 0.79), as well as in those who spend more time talking on the mobile phone per day (OR = 1.28), younger students (OR = 0.8), and those who play games less frequently (OR = 0.83). The strongest predictor of high stress levels was keeping the mobile phone less than 1 m away during sleeping, where odds ratio was OR = 1.48. This shows that students who keep their mobile phones less than 1 m away while they slept reply 1.48 times more often that they are exposed to stress, with all other factors in the model being equal. The country of origin (Italy and Serbia) played no part in any of the cases.
Discussion
The study findings suggest that a stronger predictor of depression among students in both countries is male gender. Those results are not in line with the studies in the general population, even with some prospective studies, in which female gender was the risk factor for depression [19, 20] . In addition, we found a pattern that a depressed male student makes fewer calls and browses the internet less frequently on the mobile phone and sends more SMSs. In general, our findings confirm the results obtained by several studies reporting on the relationship between mobile phone use and depression symptoms [21] [22] [23] [24] [25] .
However, it is important to emphasize that some studies indicate that it is addiction to mobile phones in college-age students that leads to depression and anxiety, not the use of mobiles [21, 25] . The main question of the attributable risk fraction coming from the mobile phone devices "per se", presumably because of electromagnetic radiation, still needs to be addressed. Isolating such effect from the multivariate background of underlying causes governing depression, which are probably mediated by several levels of hierarchical and time-dependent factors, is a challenging task, even for prospective studies.
Furthermore, we found similar patterns in mobile phone usage among students with anxiety symptoms. Namely, those students also send many more SMSs and spend less time browsing the internet, and in this case, they are students of younger age. However, those patterns in both depressed students and students with anxiety symptoms can be triggered by smaller monthly economic budgets rather than by the use of mobile phones itself. Some explanatory studies found that students with higher anxiety are more likely to use mobile phones as a compensatory attachment target [26] . Therefore, the correlation between anxiety and mobile phone use from our study is still an important question for future prospective studies as well.
Those patterns characteristic of depression and anxiety are not associated with stress levels, for which the most significant predictor is the physical distance of the phone from bed during sleep (less than 1 m). Those findings are in line with similar findings from other research [23] . Current recommendations suggest that the cell phone should be at least three feet away from the body during sleep [27] .
Several studies used EEG measurements to estimate more precisely the impact of mobile phones on sleep quality [13, [28] [29] [30] [31] . The results are currently rather inconclusive or inconsistent, and one study even found that sleep quality improved due to mobile phones [28] .
A large German research study from 2006 suggested that the worst sleep quality can be found among a particular type of study participants, and those findings cannot be generalized for the overall population [32] . Despite the reported results, several studies found an alteration in the circadian system and even changes in cardiac rhythms caused by mobile phones during sleeping hours [33] .
Whether there is a predication for such alterations or those effects are typical for the overall population is an open question. The pathogenesis of the described conditions is still not completely understood, but current studies underline their causal interdependence [34] .
Different kinds of stress are risk factors for developing an anxiety disorder, and these can, in turn, cause or worsen sleep disorders. Similarly, stress can trigger depression, which can then be complicated by anxiety. Several animal and human basic research studies indicate the effects of using mobile phones on cognition and brain functions [35] [36] [37] .
Our and similar research confirm the findings on the manifestation level of those complex conditions. Even if the exact underlying mechanisms are not clear because the conditions modified by mobile phones per se still do not have a fully explained etiopathogenesis, the quantity of new evidence indicates that mobile phone usage is part of multiple underlying causal links to those described conditions. Keeping in mind that different forms of mobile communication reshape our way of living and the culture of communication, these and similar findings should alert public health policy makers to adequately promote and stimulate more in-depth and comprehensive research in the area. Although "nomophobia" does not appear in the current Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [38] , it has been proposed as a new concept to describe a specific phobia of being without mobile phone contact. This condition has very limited treatment options and can cause serious social, psychological, and general health problems in considerably significant populations [39] . Current treatments include cognitive-behavioral psychotherapy combined with pharmacological interventions, and in the future, those kinds of conditions can have a significant budget impact on health care systems around the world. The main question raised after this research is the need to distinguish more accurately two potential causes of those mental problems. Namely, those conditions can be caused, modified, or affected by electromagnetic radiation, or they can be more high-level, new age, compensatory attachment target conditions developed independently of electromagnetic radiation. As a third possibility, both mechanisms could contribute to the development and modification of described mental health problems.
In evaluating the results, several limitations of the study should be considered. The cross-sectional design of the survey does not allow appropriate insight into the causal relationships between the factors included in the analysis. The validation of the results of this study requires a longitudinal study. Furthermore, the results presented in this study cannot be generalized to the total population, considering that the existing patterns in university student populations can differ from the general population. The self-reporting bias, as a common problem in observational research studies, was present in this study as well due to the use of self-reporting scales [24] . Due to the nature of questionnaire-based research, recall bias is certainly present in the study [40] . In addition, we did not take into consideration differences in relation to various cell phone brands, whereas some studies could find this kind of relationship. A distinction between smart phones and regular cell phones was not considered as well, and even this can be an issue of importance.
On the other hand, the limited, published literature regarding the research questions addressed in this study and the similar responses obtained from two different countries (Italy and Serbia) may serve as a solid foundation for future research.
Conclusions
The presented findings strongly indicate that the intensity and the modality of mobile phone use could be a factor that can influence causal pathways leading to mental health problems in university student populations. The general trend of increased use of mobile phones, especially in university students and young adolescents therefore dictates the need for more comprehensive longitudinal research. However, even on this level of investigation, it is more than evident that a certain degree of caution must be considered among high-frequency users.
